Musculoskeletal symptoms are frequent in chronic alcohol abusers, but only relatively recently has a search been made for the pathological basis of these complaints. A prospective study of 150 unselected patients admitted with various forms of alcohol abuse, showed that on quadriceps muscle biopsy two-thirds of the patients had significant and specific atrophy of the type IIB (anaerobic, fast-twitch) muscle fibres (Martin & Peters, 198Sa, h) . Half of the patients do show significant proximal muscle weakness which may be quite disabling. The histochemical lesion is, however, reversible with abstinence over 6-12 months (Slavin et al., 1 983) , but the reason for the individual patient susceptibility to the myopathy of chronic ethanol abuse is uncertain. The lesion is not closely correlated with degree or duration of alcohol abuse (Martin et al., 1985a,h) , nutritional status (Duane & Peters, 1988a) , glucocorticoid excess (Duane & Peters, 1987) , peripheral neuropathy (Mills et a/.. 1 986) or the presence of other complications, e.g. cirrhosis, cardiomyopathy (Martin et a/., 1985) . Recent studies of the antioxidant status of the patients, i.e. plasma a-tocopherol and selenium levels, do show a selective reduction in patients with myopathy compared with controls or non-myopathic alcoholics (Ward et al., 1 9 8 7~) .
It is unlikely that these reduced levels are due to dietary deficiency or malabsorption of a-tocopherol and selenium, but they suggest that enhanced free radical activity may be involved in the pathogenesis of the lesion.
It would be clearly useful to be able to diagnose and monitor alcoholic myopathy without repeated muscle biopsies. Consideration of the biochemical differences between type 1 and type I1 fibres indicated that type I1 fibres are particularly rich in histidyl dipeptides including carnosine (Tamaki et ul., 1977) . Although the function of these peptides is unknown, preliminary tissue analyses revealed reduced levels in myopathic biopsies compared with controls. Following this observation, an assay for serum carnosinase (EC 3.4.1 3.3) was established. Reduced activity was found in patients with myopathy, with a return to control values on prolonged abstinence (Duane et al., 1986) . There was a good correlation between serum carnosinase activity and degree of fibre atrophy and muscle mass as measured by the creatinine height index (Duane & Peters, 10886). The reason for the reduced serum carnosinase in patients with alcoholic myopathy is not understood. It is, however, clinically useful in assessing these patients, both in diagnosis and management.
Further studies on the pathogenesis of chronic skeletal muscle myopathy have been inhibited by the lack of a suitable animal model. Previous reports have demonstrated mitochondria1 changes by electron microscopy in muscle tissue from adult alcohol-fed rats (Shaw et a/., 1982). However, although this lesion may have features in common with acute myopathy affecting type I fibres, it clearly does not mirror the chronic type 11 fibre atrophy seen in man. Recently, chronic ethanol-feeding experiments, particularly in actively growing rats, caused selective damage of the type I1 fibre-rich muscles (Ward et a/., 19876; Preedy et af., 1 9 8 8~) .
In the younger rats a strikingly selective reduction of type I1 rich fibre muscle weight has been achieved (Table 1) . This is particularly marked in the quadratus lumborum which is approximately 30% smaller after 6 weeks feeding of the ethanol diet compared with the pair-fed controls. This model will enable a variety of questions concerning the particular susceptibility of type I1 fibres to ethanol toxicity 
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Plantaris ( The demonstration of a marked decrease in muscle RNA in the alcohol-fed rats suggested that the ethanol effects might be mediated by inhibition of protein synthesis (Preedy & Peters, 1988a) . Recent studies have therefore investigated the effect of both acute and chronic ethanol toxicity o n muscle protein synthesis as determined by the incorporation of [3HH]phenylalanine. Acute ethanol dosage causes a striking (1535%) decrease in protein synthesis (Tiernan & Ward, 1986; Preedy & Peters, 1987 which is more marked for type I1 than type I rich muscles. Separation of the muscle into sarcoplasmic, myofibrillary and stromal fractions shows all three fractions to be similarly affected. In parallel experiments, liver protein synthesis shows a smaller decline in response to acute ethanol dosage (Preedy ef a/., 1988h).
Chronic feeding is accompanied, particularly in older rats, by impaired muscle protein synthesis (Preedy & Peters, 1988u) , which particularly affects type I1 fibres and is accompanied by a compensatory decrease in muscle mixed protein degradation rates. Examination of muscle fractions indicates that all three fractions show a similar degrec of inhibition of protein synthesis (V. R. Preedy & T. J. Peters, unpublished work). Studies of muscle protein synthesis in man have not yet been completed, but studies of muscle protein turnover based on urinary excretion of 3-methylhistidine in relation to creatinine excretion, suggests that degradation rates may be decreased or normal, depending on the assumptions made in the calculations of degradation rates (Martin & Peters, 1985a,6) . However, the validity of the 3-methylhistidine technique in determining muscle protein turnover rates is controversial (Ballard & Tomas, 1983; Rennie & Millward, 1983 ). The present approach permits a more direct assay of muscle synthesis and degradation rates. A similar loss of muscle mass has also been demonstrated in patients with chronic alcoholic myopathy to that seen in rats (Duane & Peters, 1988~) . Future studies will investigate the pathogenic processes for the reduced protcin synthesis, possibly related to enhanced free radical activity, in both man and experimental animals, and will hopefully use this information to hasten recovery of the muscle lesions.
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Irrrmdiicriori
It is well known that ethanol stimulates the synthesis and the accumulation of triacylglycerols in the liver (Hawkins & Kalant, 1972; Lieber, 1974; Kondrup et al., 1979) . T h e following discussion will try to identify how this increased esterification of fatty acids is brought about in terms of what is known about the control of hepatic triacylglycerol synthesis.
('hariges iri erizvme ucriviries associated with triacvlglycerol syrithesis
T h e administration of an acute dose o f ethanol to rats or hamsters produecs increases in the hepatic activity of phosphatidate phosphohydrolase (Fig. 1 ) of 2-7-fold within 4-1 0 h (Savolainen, 1977; Pritchard et a/., 1977; Lamb er ul., 1979) . This increase is specific for the phosphohydrolase since there were no significant changes in the activities of other enzymes that are involved directly in triacylglycerol synthesis (Pritchard et ul., 1977; Bjorkhem & Ostlung. 1979) . T h e changes in the activity of phosphatidate phosphohydrolase appeared to result from the increase in the concentration of corticosterone relative to insulin in the blood of the rats. Similar efffects can be observed with other nutrients such as fructose, sorbitol and glycerol (Brindley et a/., 1 9 7 9~) .
T h e importance of the glucocorticoid release is emphasized by the fact that the increase of 6.9-fold that was produced by ethanol after 7 h in normal rats was decreased t o 1.7-fold in rats that had been adrenalectomized (Brindley et a/.. 1 9 7 9~) .
Furthermore, pretreatment of the rats with thc drug benfluorex, deereased the rise in circulating corticosteronc, the increase in the phosphohydrolase activity, and the ethanol-induced stimulation of the synthesis and accumulation of triacylglycerols in the liver (Pritchard et a/., 1977 (Pritchard et a/., , 1979 Brindley er ul., l979h) . Benfluorex is a hypo- lipidaemic and an antihyperglycaemic agent that is able t o decrease the effects of several stimuli that provoke metabolic stress responses (Brindley, 1988) . It is believed to act through the serotonergic system. Ethanol is thought to be able to increasc thc concentration of circulating corticosterone by stimulating the central serotonergic system (Brick Rr Pohorecky, 1985) and benfluorex may act by partly blocking this system (Brindley, 1988) . The effect of ethanol in increasing the concentration of corticosterone in rats is exaggerated when they are fed diets enriched in fat (Brindley ci a/., 1981). This may partly explain why high fat diets exaggerate the effect of ethanol in producing a fatty liver. It is relevant to note that an intact hypothalamic pituitary adrenal axis is required for ethanol to produce a fatty liver (Brodie & Maickel, 1963; Maickel & Brodie, 1963; Maling er a/., 1963) .
T h e residual increase in phosphatidate phosphohydrolase activity that is produced by an acute dose of ethanol in adrenalectomized rats (Brindley et af., 19790,h) might have been caused by an increased concentration of glucagon in the blood (Tiengo et ul., 1974) resulting in an increase in cyclic A M P concentrations in the liver (Jauhonen et a/., 1Y75). Cyclic A M P causes a long-term increase in phosphatidate phosphohydrolase activity in the liver which probably results from an increase in its synthesis (Pittner et a/., 198Su, h ) and stability (Pittner el a/., 1986).
Chronic administration of ethanol to hamsters (Lamb er a/., 1979) and baboons (Savolainen et a/., 1984) also increases phosphatidate phosphohydrolase activity. This was also accompanied in the latter case with an incrcascd activity of diacylglycerol acyltransferase.
Consequently, there is a general agreement that phosphatidate phosphohydrolase increases after acute and chronic ethanol consumption. T h e increase in this activity together with the chronic increase in diacylglycerol acyltransferase would increase the potential of the liver to synthesize triacylglycerol. T h e expression of this potential depends upon the substrate supply to the liver (Brindley, 1984 (Brindley, , 1988 . For example, the cytosolic phosphatidate phosphohydrolase is thought to be metabolically inactive and its translocation to the endoplasmic reticulum causes this activity to be expressed (Brindley, 1984 (Brindley, , 1988 . This is mainly brought about by an accumulation of fatty acids and their CoA esters in the liver. T h e presence of a higher phosphohydrolase in the liver also means that more of the enzyme should be associated with the endoplasmic reticulum at a b' w e n concentration of fatty acid (Pittner et a/., 1985h) .
